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descent ; 
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of the residue. 
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A g r e a t  dea l  o f  i n t e r e s t  has  r e c e n t l y  been  e x p r e s s e d  
i n  t h e  p o s s i b i l i t y  o f  a l u n a r  l a n d i n g  a p p r o a c h  a g a i n s t  t h e  s u n ,  
By a l l o w i n g  a l a n d i n g  i n  t h e  l u n a r  a f t e r n o o n  as w e l l  as a t  l u n a r  
dawn, s u c h  a n  a p p r o a c h  would d o u b l e  t h e  number o f  l a u n c h  o p p o r t u -  
n i t i e s  t o  a g i v e n  s i t e  and would a l s o  take  a d v a n t a g e  o f  t h e  ex-  
c e l l e n t  s c e n e  c o n t r a s t  and  s u r f a c e  t e x t u r e  d e f i n i t i o n  a v a i l a b l e  
a t  s u n  a n g l e s  n e a r  180~. Unhappi ly ,  i t  i s  p r e c i s e l y  u n d e r  t h e s e  
good t e r r a i n  l i g h t i n g  c o n d i t i o n s ,  w i t h  t h e  s u n  i n  f r o n t  o f  t h e  
LM and  low i n  t h e  sky  ( a n d  s h i n i n g  d i r e c t l y  on t h e  LM commander 's  
window),  t h a t  l i g h t  s c a t t e r  from any d e b r i s  on t h e  window would 
p r o v e  t h e  most  t r o u b l e s o m e .  

A m a j o r  ' s o u r c e  o f  any d e b r i s  on t h e  LM windows i s  t h e  
e x h a u s t  plume r e s i d u e  from t h e  upward and  f o r w a r d - p o i n t i n g  
R e a c t i o n  C o n t r o l  Sys tem ( R C S )  t h r u s t e r s  mounted on t h e  a s c e n t  
s t a g e  a b o u t  3-1/2 f e e t  f rom t h e  window s u r f a c e . *  To d a t e ,  t h e r e  
a r e  no  r e l i a b l e  es t imates  o f  t h e  amount o f  r e s i d u e  t o  b e  e x p e c t e d ,  
n o r  t h e  magn i tude  o f  s c a t t e r i n g  i t  w i l l  p r o d u c e .  Both  t h e o r e t i c a l  
and  e x p e r i m e n t a l  e v a l u a t i o n s  o f  t h e  d e g r a d a t i o n  o f  v i s i b i l i t y  
f rom t h i s  s o u r c e  a re  p o s s i b l e ,  b u t  t h e  t h e o r e t i c a l  a p p r o a c h  re -  
q u i r e s  c e r t a i n  da t a  ( e . g . ,  t h e  d e b r i s  p a r t i c l e  d i a m e t e r )  which  
can  o n l y  be o b t a i n e d  e x p e r i m e n t a l l y .  

I t  seems c l e a r  t h a t  t h e  n e c e s s a r y  e x p e r i m e n t a l  da t a  
must  b e  s e c u r e d  by  means o f  t e s t s  c o n d u c t e d  i n  a ground-based  
vacuum chamber and n o t  i n  s p a c e .  A s t r o n a u t  o b s e r v a t i o n s  o f  t h e  
LM window d e b r i s  d u r i n g  f u t u r e  e a r t h - o r b i t a l  LM f l i g h t  t e s t s  are  
o f  c o u r s e  e x t r e m e l y  d e s i r a b l e .  T h e y  c a n n o t ,  however ,  be r e l i e d  
upon a l o n e  t o  p r o d u c e  t h e  r e q c i r e d  i n f o r m a t i o n  f o r  t h r e e  r e a s o n s :  

1. It i s  d e s i r a b l e  t o  o b t a i n  t h e  da t a  as f a r  u p s t r e a m  
f rom t h e  Lunar  Landing  M i s s i o n  ( L L M )  as p o s s i b l e  i n  o r d e r  to 
i n c o r p o r a t e  i t  i n t o  m i s s i o n  p l a n n i n g ;  w a i t i n g  f o r  a manned LM 
o p e r a t i o n s  m i s s i o n  would mean a y e a r  o r  more o f  d e l a y ;  

* 
The p y r o t e c h n i c s  t h a t  s e p a r a t e  t h e  Spacecraf t /LM A d a p t e r  

and  o u t g a s s i n g  have  been  s u g g e s t e d  as two o t h e r  s o u r c e s .  
o f  t h e i r  e f f e c t s  i s  n o t  i n c l u d e d  i n  t h e  p r e s e n t  p r o p o s a l .  

A s t u d y  
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2 .  I t  would b e  p r a c t i c a l l y  i m p o s s i b l e  t o  s i m u l a t e  t h e  
l u n a r  l a n d i n g  LM window t e m p e r a t u r e  h i s t o r y  and RCS d u t y  c y c l e  
d u r i n g  o r b i t a l  o p e r a t i o n s ,  and 

3. Any p h o t o m e t r i c  measurements  beyond a s i m p l e  v i s u a l  
i n s p e c t i o n  f o r  r e s i d u e  and s c a t t e r i n g  would be  d i f f i c u l t  t o  con- 
d u c t  i n  t h e  LM and awkward t o  i n t e g r a t e  w i t h  o t h e r  a s t r o n a u t  
a c t i v i t i e s .  

Some ground-based work on t h i s  problem h a s  a l r e a d y  been  
done.  
pe r fo rmed  a t  t h e  Manned S p a c e c r a f t  C e n t e r  i n  Houston,  Texas i n  
F e b r u a r y  and March o f  1 9 6 6  t o  g a t h e r  t h e  r e q u i r e d  d a t a ,  b u t  t h e  
r e s u l t s  were i n c o n c l u s i v e .  To c a r r y  o u t  t h e  e x p e r i m e n t ,  p r o p e r l y  
c o a t e d  s h e e t s  o f  t h e  Vycor g l a s s  t o  b e  used  i n  t h e  LM windows 
were mounted i n  t h e  20 - fao t  diameter  vacuum chamber o f  t h e  
A u x i l i a r y  P r o p u l s i o n  T e s t  F a c i l i t y  a t  M S C  and exposed  t o  t h e  
e x h a u s t  o f  a f u l l - s c a l e  RCS t h r u s t e r  t h r o u g h  a s i m u l a t e d  d u t y  
c y c l e .  T r a n s m i s s i o n  and s c a t t e r i n g  t h r o u g h  t h e  glass were t h e n  
measured p h o t o m e t r i c a l l y .  Compared t o  t h e  p r e t e s t  v a l u e s ,  
t r a n s m i s s i o n  d e c r e a s e d  by  25% and s c a t t e r i n g ,  though s t i l l  smal l ,  
i n c r e a s e d  by a f a c t o r  o f  1 0  t o  4 0 .  However, as n o t e d  i n  t h e  
r e p o r t  on t h e  e x p e r i m e n t ,  c e r t a i n  p h y s i c a l  c h a r a c t e r i s t i c s  o f  
t h e  r e s i d u e  and l i m i t a t i o n s  o f  t h e  e x p e r i m e n t a l  s e t - u p  make t h e  
a p p l i c a t i o n  o f  t h e s e  r e s u l t s  t o  t h e  LLM q u i t e  d o u b t f u l .  

A g e n e r a l l y  w e l l  d e s i g n e d  b u t  l i m i t e d  exper iment '  was 

In view o f  t h i s ,  i t  i s  u rged  t h a t  a new LM window 
d e b r i s  expe r imen t  b e  conducted ,  u s i n g  t h e  f a c i l i t i e s  a v a i l a b l e  
a t  MSC. I n  o r d e r  t o  produce  r e l i a b l e  da t a ,  c e r t a i n  m o d i f i c a t i o n s  
t o  t h e  expe r imen t  w i l l  be  n e c e s s a r y .  The f o l l o w i n g  i s  a summary 
o f  t h e s e  m o d i f i c a t i o n s  and s u g g e s t i o n s  for e x t e n d i n g  t h e  usefv. l -  
n e s s  o f  t h e  e x p e r i m e n t :  

1. Res idue  change o f  s t a t e .  The r e s i d u e ,  due t o  i t s  
h y g r o s c o p i c  n a t u r e ,  i s  c r y s t a l l i n e  i n  a h i g h  vacuum b u t  changes  
t o  a n  o i l y  l i q u i d  a t  one a tmosphe re ,  w i t h  a c o r r e s p o n d i n g  change 
i n  o p t i c a l  p r o p e r t i e s .  T h i s  s h o u l d  be  gua rded  a g a i n s t  by main- 
t a i n i n g  t h e  r e s i d u e  i n  a d e s i c c a t e d  envi ronment  d u r i n g  t h e  photo-  
m e t r i c  t e s t s  and u s i n g  a "dry-box" f o r  sample t r a n s p o r t .  

2 .  D i f f e r e n c e s  i n  window thermal  h i s t o r y .  The p r i n c i p a l  
c o n s t i t u e n t  o f  t h e  r e s i d u e  can e x i s t  i n  f i v e  d i f f e r e n t  c r y s t a l -  
l i n e  forms a c c o r d i n g  t o  t h e  t e m p e r a t u r e .  I t s  r a t e  o f  c r y s t a l l i -  
z a t i o n  i s  a l s o  t e m p e r a t u r e  dependen t .  Hence, t h e  t e m p e r a t u r e  of  
t h e  t e s t  window must s i m u l a t e  t h a t  o f  t h e  LM d u r i n g  l u n a r  d e s c e n t .  
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3. D i f f e r e n c e s  i n  t h r u s t e r  c o n f i g u r a t i o n .  The plume depo- 
s i t i o n  on t h e  window due t o  b o t h  p e r t i n e n t  RCS t h r u s t e r s  s h o u l d  
be  s i m u l a t e d ,  ra ther  t h a n  t ha t  o f  o n l y  one as i n  t h e  o r i g i n a l  
e x p e r i m e n t .  The d i f f e r e n t  l o c a t i o n  a n d  o r i e n t a t i o n  o f  t h e  s e c o n d  
t h r u s t e r  makes a r e l i a b l e  e x t r a p o l a t i o n  f rom t h e  da t a  f o r  a s i n g l e  
t h r u s t e r  i m p o s s i b l e .  

4 .  D i f f e r e n c e s  i n  plume e n v i r o n m e n t .  I n  o r d e r  t o  e s t a b l i s h  
t h e  p r o p e r  boundary c o n d i t i o n s ,  t h e  LM s u r f a c e s  c o n t i g u o u s  t o  
t h e  window and RCS quad s h o u l d  b e  s i m u l a t e d .  A s h i e l d e d  g l a s s  
sample s h o u l d  b e  i n c l u d e d  t o  gauge plume r e f l e c t i o n  f rom t h e  
wal l s .  

5 .  Measurements  o f  r e s i d u e  b u i l d - u p .  Measurements  o f  
t h e  r e s i d u e  s h o u l d  b e  made a t  s i m u l a t e d  h i - g a t e  and  touch-down, 
where t h e  v i s i b i l i t y  p rob lem i s  most a c u t e ,  as w e l l  as a t  simu- 
l a t e d  CSM r e n d e z v o u s ,  where i t  was measured  i n  t h e  o r i g i n a l  
e x p e r i m e n t .  

6 .  F u r t h e r  measurement  o f  r e s i d u e  p h y s i c a l  p rope i -s t ies .  
M i c r o s c o p i c ,  r e f r a c t o m e t r i c  and c h e m i c a l  t e s t s  s h o u l d  be p e r -  
formed on t h e  window d e p o s i t s  i n  o r d e r  t o  p r o v i d e  needed  i n f o r -  
m a t i o n  f o r  t h e  t h e o r e t i c a l  s t u d i e s .  A c o n t r o l  r u n  s h o u l d  b e  
made, b e f o r e  t h e  r e s i d u e  expe r imen t  p r o p e r ,  t o  d e t e r m i n e  t h a t  
t h e  h a n d l i n g  p r o c e d u r e s  are a d e q u a t e  t o  p r e s e r v e  t h e  p r o p e r t i e s  
o f  t h e  samples  u n t i l  a l l  t h e  measurements  c a n  be  made. 

7 .  C o r r e l a t i o n  w i t h  Kodak v i s i b i l i t y  s t u d i e s .  Any f u t u r e  
Eastman Kodak f i l m s  o f  l u n a r  l a n d i n g  a p p r o a c h e s  c o u l d  u s e  simu- 
l a t e d  " d i r t y "  LM windows i n  f r o n t  o f  t h e  camera ,  g u i d e d  by  t h e  
r e s u l t s  o f  t h i s  e x p e r i m e n t ,  t o  more a c c u r a t e l y  show t h e  t r u e  
t e r r a i n  v i s i b i l i t y  i n  l a n d i n g s  against t h e  siii?. 

The above p o i n t s  a r e  d e v e l o p e d  f u r t h e r  i n  t h e  accompany- 
i n g  a t t a c h m e n t .  

2 0 1 3  -RT- s r b  R .  T r o e s t e r  

A t t achmen t  



SUGGESTIONS FOR NECESSARY CHANGES I N  EXPERIMENTAL, PROCEDURE FOR 

A NEW LM WINDOW/RCS RESIDUE EXPERIMENT 

I .  Res idue  Change o f  S t a t e  

I n  t h e  t e s t  r e p o r t  of t h e  expe r imen t  done a t  MSC’ i t  
i s  s t a t e d  t h a t  t h e  r e s i d u e  was o b s e r v e d  t o  undergo  a change o f  
s t a t e  from a d r y ,  w h i t e  powder t o  a c l e a r ,  o i l y  l i q u i d  as t h e  

ambient  p r e s s u r e  r i s e s  above .01 l b / i n  . S i n c e  t h e  ambient  p r e s -  
2 s u r e  d u r i n g  t h e  t e s t  r u n s  cou ld  n o t  b e  r educed  below .05 l b / i n  

and s i n c e  t h e  p h o t o m e t r i c  t e s t s  were conducted  a t  normal  atmos- 
p h e r i c  p r e s s u r e ,  t h e  s c a t t e r i n g  and t r a n s m i s s i o n  v a l u e s  o b t a i n e d  
do n o t  r e a l l y  a p p l y  t o  t h e  LLM, where t h e  ambient  p r e s s u r e  w i l l  
b e  e s s e n t i a l l y  z e r o .  T h i s  i s  t h e  most s e r i o u s  d e f i c i e n c y  of 
t h e  o r i g i n a l  r e s i d u e  e x p e r i m e n t .  

2 

I t  i s  i m p l i e d  i n  t h e  t e s t  r e p o r t  t ha t  t h e  change i n  
s t a t e  i s  due t o  t h e  d i f f e r e n c e  i n  p r e s s u r e .  I f  t h i s  were t r u e ,  
t h e n  i n  o r d e r  t o  s i m u l a t e  LLM c o n d i t i o n s ,  t h e  p h o t o m e t r i c  t e s t s  
would have t o  be  conducted  i n  an  e v a c u a t e d  chamber,  and an ex- 
t r e m e l y  t i g h t  vacuum chamber and h i g h  e v a c u a t i o n  r a t e  pumps 
would be  n e c e s s a r y  for t h e  RCS f i r i n g s ,  a ve ry  d i f f i c u l t  and 
e x p e n s i v e  t a s k .  But on g e n e r a l  p h y s i c a l  g rounds  i t  seems h i g h l y  
u n l i k e l y  t h a t  such  a small p r e s s u r e  as .01 l b / i n 2  c o u l d  produce  
such  a change i n  s t a t e .  It  i s  most p r o b a b l e  t h a t  i t  i s  n o t  t h e  
a b s o l u t e  p r e s s u r e  o f  t h e  ambient  a i r  t h a t  a f f e c t s  t h e  r e s i d u e ,  
b u t  r a t h e r  t h e  p a r t i a l  p r e s s u r e  o f  any water v a p o r  which may b e  
p r e s e n t .  

The ~-esiCi_ue i n  ques t . i nn  i s  the c n m p l e x  CGmbuStiGR 
p r o d u c t  o f  t h e  i n h i b i t e d  n i t r o g e n  t e t r o x i d e  o x y d i z e r  and 
Arazine-50 ( 5 0 %  h y d r a z i n e ,  50% UDMH) f u e l .  I t s  c o m p o s i t i o n  i s  
n o t  c o m p l e t e l y  known, and i n d e e d  t h e  compos i t ion  o f  t h e  r e s i d u e  
on t h e  window has n e v e r  been s t u d i e d .  It i s  b e l i e v e d ,  however,  
t h a t  i t  i s  s imi la r  t o  t ha t  found i n  t h e  RCS n o z z l e  a f t e r  e n g i n e  
t e s t  r u n s .  Workers a t  t h e  Thermochemical T e s t  Branch a t  MSC 
have  d e s c r i b e d  t h i s  r e s i d u e  as a f i n e  h y g r o s c o p i c  w h i t i s h - t a n  
powder which w i l l  a b s o r b  enough water from t h e  a tmosphe re  t o  
c o m p l e t e l y  d i s s o l v e  w i t h i n  one h o u r  a f t e r  a i r  i s  a d m i t t e d  back 
i n t o  t h e  t e s t  chamber.  2 

The h y g r o s c o p i c  n a t u r e  o f  t h e  r e s i d u e  i s  conf i rmed  by 
t h e  l a t e s t  i n f o r m a t i o n  on i t  due t o  H .  P u r l e e  of  t h e  Bureau o f  
Mines,  which has been  pe r fo rming  a n a l y s e s  of t h e  r e s i d u e  f o r  MSC. 
H e  d e s c r i b e s  t h e  r e s i d u e  as i t  would form on t h e  window i n  a 
vacuum as composed o f  needle-shaped  c r y s t a l s  o f  ammonium n i t r a t e  
( a n  e x t r e m e l y  h y g r o s c o p i c  c r y s t a l )  i n  a t h i n  l a y e r  o f  a non- 
v o l a t i l e  s t r aw-ye l low mother  l i q u o r ,  a c o n c e n t r a t e d  s o l u t i o n  of  



- 2 -  

v a r i o u s  n i t r a t e s  and p e r h a p s  a z i d e s  or n i t r i t e s .  Water would 
i n i t i a l l y  b e  p r e s e n t  as a r e a c t i o n  p r o d u c t ,  b u t  would e v a p o r a t e  
u n d e r  z e r o  p r e s s u r e .  3 

S i n c e  t h e  o b s e r v e d  change of s t a t e  between t h e  vacuum 
and normal  p r e s s u r e  forms of t h e  r e s i d u e  seems e n t i r e l y  due t o  
t h e  d e l i q u e s c e n c e  of  t h e  c r y s t a l s ,  r e l i a b l e  s c a t t e r i n g  and t r a n s -  
m i s s i o n  t e s t s  c a n  o n l y  be  made i f  t h e y  are  pe r fo rmed  i n  a d e s i -  
c a t e d  env i ronmen t ,  e . g . ,  a be l l - j a r  w i t h  a d r y i n g  a g e n t  s u c h  as 
s i l i c a  g e l .  The window samples  s h o u l d  b e  t r a n s p o r t e d  from t h e  
f i r i n g  chamber t o  t h e  photometer  i n  some t y p e  o f  a " d r y  box",  
and  t o  minimize  c o n t a m i n a t i o n  d u r i n g  t h e  f i f t e e n  m i n u t e s  i t  takes  
t o  r e p r e s s u r i z e  t h e  f i r i n g  chamber, some s o r t  o f  r e m o t e l y  o p e r -  
a t e d  c o v e r  s h o u l d  b e  p l a c e d  over  t h e  window samples  a t  t h e  
c o n c l u s i o n  o f  t h e  t e s t  u n l e s s  i t  can  b e  a r r a n g e d  t o  u s e  a s o u r c e  
o f  d r y  a i r  i n  r e f i l l i n g  t h e  chamber. 

11. D i f f e r e n c e s  i n  Window Thermal H i s t o r y  

The t e m p e r a t u r e  of t h e  window samples  may be  a v e r y  
s e r i o u s  problem.  I n  t h e  LM t h e  i n n e r  pane  o f  t h e  commander's 
window w i l l  be  h e a t e d  b y  a r e s i s t i v e  a n t i f o g  c o a t i n g  a p p l i e d  
t o  t h e  o u t e r  s u r f a c e ;  t h e  o u t e r  pane i s  n o t  hea ted  ( e x c e p t  b y  
c o n d u c t i o n  from t h e  s u r r o u n d i n g  LM s t r u c t u r e ) .  The gap between 
t h e  i n n e r  and o u t e r  panes  i s  v e n t e d  t o  s p a c e .  S i n c e  t h e  Vycor 
g l a s s  o f  which t h e  o u t e r  pane i s  made has a low t h e r m a l  con- 
d u c t i v i t y ,  i t s  s u r f a c e  t e m p e r a t u r e  w i l l  depend p r i m a r i l y  on 
t h e  amount o f  s o l a r  r a d i a t i o n  r e a c h i n g  i t  d u r i n g  t h e  d e s c e n t .  
P r e s e n t  p l a n n i n g  calls f o r  t h e  LM t o  r ema in  f a c e  down toward  
t h e  l u n a r  s u r f a c e  f o r  t h e  g r e a t e r  par t  o f  t h e  d e s c e n t  t o  h i - g a t e  
t o  a l l o w  landmark s i g h t i n g s .  Thus,  f o r  a l a n d i n g  e i t h e r  i n  
l u n a r  morning or a f t e r n o o n  t h e  o u t e r  pane w i l l  have been i n  
s o l a r  shadow and b e  q u i t e  c o l d  up t o  n i - g a t e .  I n  a morning 
l a n d i n g  t h e  window w i l l  remain i n  shadow u n t i l  touchdown, 
assuming a dog- leg  maneuver i s  n o t  i n c l u d e d ,  w h i l e  i n  an  a f t e r n o o n  
l a n d i n g  t h e  window w i l l  be exposed t o  f u l l  s u n l i g h t  f rom hi-gate  
t o  touchdown, and i t s  t e m p e r a t u r e  s h o u l d  r i s e  c o n s i d e r a b l y .  

The t h e r m a l  h i s t o r y  o f  t h e  window i s  i m p o r t a n t ,  s i n c e  
ammonium n i t r a t e ,  b e l i e v e d  t o  b e  t h e  p r i n c i p a l  c o n s t i t u e n t  o f  
t h e  r e s i d u e ,  e x i s t s  i n  f i v e  d i f f e r e z t  c r y s t a l l i n e  fo rms ,  depend ing  
on t h e  t e m p e r a t u r e .  For example,  below O O F  i t  i s  a t e t r a g o n a l  
c r y s t a l ,  w h i l e  f rom O O F  t o  gO°F an  o r tho rhombic  s t r u c t u r e  i s  
more s t a b l e .  The p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  r e s i d u e ,  such  
as t h e  i n d e x  o f  r e f r a c t i o n ,  hence can  b e  e x p e c t e d  t o  v a r y  rad i -  
c a l l y  w i t h  t e m p e r a t u r e .  The amount o f  r e s i d u e  on t h e  window 
w i l l  a l s o  b e  a f u n c t i o n  o f  t e m p e r a t u r e ,  as c r y s t a l s  f i n d  i t  
eas i e r  t o  form a t  lower  t e m p e r a t u r e s .  Thus i t  may w e l l  p r o v e  
t h e  c a s e  t h a t  t h e r e  w i l l  b e  a l a r g e r  r e s i d u e  b u i l d u p  i n  t h e  
nomina l  approach  w i t h  t h e  sun  beh ind  t h e  LM t h a n  d u r i n g  a l a n d i n g  
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a g a i n s t  t h e  s u n  where t h e  r e s i d u e  w i l l  e v a p o r a t e  f rom t h e  h o t  
window s u r f a c e .  

D u p l i c a t i n g  t h e  LM window t e m p e r a t u r e  d u r i n g  t h e  whole 
r e s i d u e  e x p e r i m e n t  i s  an  awkward task  and  was n o t  a t t e m p t e d  i n  
t h e  p r e v i o u s  e x p e r i m e n t  a t  MSC. It  i s  c l e a r  f rom t h e  above  d i s -  
c u s s i o n  t h a t  i n  any new e x p e r i m e n t  t h e  t e m p e r a t u r e  must b e  con- 
t r o l l e d  througho1At t h e  e n t i r e  p r o c e s s  o f  e x p o s u r e  and measure-  
ment f o r  much c o n f i d e n c e  t o  be p l a c e d  i n  t h e  r e s u l t s .  It i s  
d e s i r a b l e  t ha t  r u n s  be  made a t  b o t h  h i g h  and  low t e m p e r a t u r e s  
t o  d e t e r m i n e  t h e  amount o f  r e s i d u e  formed on t h e  window d u r i n g  
b o t h  nomina l  and  a g a i n s t - t h e - s u n  a p p r o a c h e s .  

111. D i f f e r e n c e s  i n  T h r u s t e r  C o n f i g u r a t i o n  

I n  t h e  MSC e x p e r i m e n t  t h e  window samples were exposed  
t o  t h e  e x h a u s t  plume o f  one RCS t h r u s t e r  i n  t h e  r e l a t i v e  o r i e n t a -  
t i o n  o f  t h r u s t e r  I - u  on t h e  LM, t h e  u p w a r d - p o i n t i n g  t h r u s t e r  
n e a r  t h e  commander 's  window. But  t h e  plume f rom t h r u s t e r  I-f ,  
which  p o i n t s  a l o n g  t h e  +Z a x i s  i n  t h e  same q u a d ,  c o u l d  a l s o  
c o n t a m i n a t e  t h e  window. F u r t h e r m o r e ,  one o f  t h e  -x SM-RCS 
t h r u s t e r s ,  a n d ,  t o  a much l e s se r  e x t e n t ,  t h e  LM d e s c e n t  and  
a s c e n t  e n g i n e s  may p o s s i b l y  c o n t r i b u t e  some r e s i d u e .  Cons ide r -  
i n g  t h e  d i s t a n c e s  t o  t h e  window and d i r e c t i o n  o f  e x h a u s t ,  t h e  
c o n t r i b u t i o n  o f  t h e s e  l a s t  t h ree  s o u r c e s  compared t o  t h a t  o f  
t h e  LM's own RCS must  b e  q u i t e  small  and  may p r o p e r l y  b e  i g n o r e d  
i n  t h i s  s i m u l a t i o n .  On t h e  o t h e r  hand ,  t h e  e f f e c t  o f  t h r u s t e r  
I-f c a n n o t  b e  i g n o r e d  n o r  s h o u l d  i t  be mere ly  e x t r a p o l a t e d  f rom 
t h a t  o f  t h r u s t e r  I - u .  I t s  i n c l u s i o n  can  b e  e x p e c t e d  t o  r o u g h l y  
d o u b l e  t h e  t o t a l  c o n t a m i n a t i o n ,  b u t  t h e  l o c a t i o n  and o r i e n t a t i o n  
of I-f a r e  s u f f i c i e n t l y  d i f f e r e n t  f rom t h a t  o f  I -u  t o  make i t  
n e c e s s a r y  t o  check  t h i s  a s sumpt ion  e x p e r i m e n t a l l y .  

I n  t h e  o r i g i n a l  MSC e x p e r i m e n t  o n l y  one RCS t h r u s t e r  
was a v a i l a b l e .  I f  t h i s  s t i l l  p r o v e s  t o  be  t h e  c a s e ,  t h e  s i n g l e  
t h r u s t e r  c o u l d  be  f i r e d  i n  t h r u s t e r  I - u ' s  s i m u l a t e d  duby c y c l e ,  
r o t a t e d  90 d e g r e e s ,  and  f i r e d  a g a i n  i n  s i m u l a t i o n  of  t h r u s t e r  
I - f ' s  c y c l e .  ( T h e  window s a m p l e  s h o u l d  be  p r o p e r l y  p r o t e c t e d  
a g a i n s t  m o i s t  a i r ,  if t h e  chamber must b e  b r e a c h e d  i n  o r d e r  t o  
s h i f t  t h e  t h r u s t e r . )  If a second t h r u s t e r  i s  a v a i l a b l e ,  i t s  u s e  
would ,  o f  c o u r s e ,  s i m p l i f y  t h e  p r o c e d u r e  ( a n d  c o m p l i c a t e  chamber 
pumping p r o b l e m s ) .  I n  any c a s e  i t s  c o n t r i b u t i o n  t o  t h e  t o t a l  
c o n t a m i n a t i o n  must be  i n c l u d e d  i n  t h e  s i m u l a t i o n  t o  p r o v i d e  r e -  
l i a b l e  s c a t t e r i n g  and  t r a n s m i s s i o n  f i g u r e s .  

I V .  D i f f e r e n c e s  i n  Plume Environment  

I n  t h e  o r i g i n a l  r e s i d u e  e x p e r i m e n t  a welded p i p e  s t a n d  
was c o n s t r u c t e d  t o  h o l d  t h e  window samples  i n  t h e  p r o p e r  o r i e n -  
t a t i o n  i n  r e l a t i o n  t o  t h e  t h r u s t e r .  But no  p r o v i s i o n  was made 



f o r  s i m u l a t i n g  t h e  c o n t i g u o u s  LM s u r f a c e s  a round  t h e  LM window 
and t h r u s t e r  i n  o r d e r  t o  g u i d e  t h e  plume as i t  w i l l  be  Cuided  
on t h e  LM. T h i s  c o u l d  b e  c a r r i e d  o u t  f a i r l y  e a s i l y  w i t h  t h e  
a id  o f  shee t  aluminum p a n e l s  i n s t a l l e d  a b o u t  t h e  window p o s i t i o n .  

However, t h e r e  i s  a n o t h e r  d i f f e r e n c e  i n  t h e  plume 
env i ronmen t  be tween t h e  vacuum chamber and  f r e e  s p a c e  c o n d i -  
t i o n s  which would b e  more d i f f i c u l t  or i m p o s s i b l e  t o  c o r r e c t  
and  which s h o u l d  be n o t e d .  The v e r y  f a c t  t h a t  t h e  e x p e r i m e n t  
must  b e  c o n d u c t e d  i n  a c l o s e d  chamber means a c e r t a i n  amount 
of r e f l e c t i o n  f rom t h e  s p h e r i c a l  wal l s  o f  t h e  chamber and  p e r -  
h a p s  a g rea t e r  window c o n t a m i n a t i o n  t h a n  would be  t h e  c a s e  i n  
f r e e  s p a c e .  It i s  i m p o s s i b l e  t o  p r e v e n t  t h i s ,  b u t  i s  magni- 
t u d e  c a n  be  r o u g h l y  gauged b y  t h e  c o n t a m i n a t i o n  measured  on 
g l a s s  s amples  p l a c e d  n e a r  t h e  window p o s i t i o n  b u t  s h i e l d e d  f rom 
d i r e c t  plume bombardment. These s a m p l e s  would a l s o  a i d  i n  
d e t e r m i n i n g  t h e  e f f e c t  o f  t h e  g e n e r a l  r i s e  i n  chamber p r e s s u r e  
f rom a b o u t  5 0  m i c r o n s  t o  .l-1 mm which takes  p l a c e  d u r i n g  t h e  
t e s t .  

A f i n a l  e n v i r o n m e n t a l  d i f f e r e n c e  l i e s  i n  t h e  p o s s i -  
b i l i t y  o f  chamber c o n t a m i n a n t s .  I t  i s  p r o b a b l e  t h a t  any s u c h  
c o n t a m i n a t i o n  would be q u i t e  smal l ,  t h e  ma jo r  c o n t r i b u t i o n s  
coming from d i r t  which has c o l l e c t e d  u n d e r  t h e  g r i l l  f l o o r  o f  
t h e  chamber and  from t h e  p a i n t e d  w a l l s  o f  t h e  chamber ,  b u t  
some e f f o r t  s h o u l d  b e  made i n  any f u t u r e  work t o  r e d u c e  i t  t o  
a minimum. 

V.  Measurements  o f  Res idue  Build-UD 

I n  t h e  p r e v i o u s  e x p e r i m e n t  a t  MSC, t h e  s c a t t e r i n g  
and  t r a n s m i s s i o n  t h r o u g h  t h e  samples  were measured  o n l y  a f t e r  
t h e  t h r u s t e r  had gone  throiugh a c o m p l e t e  d u t y  c y c l e ,  that i s ,  
a t  s i m u l a t e d  r endezvous  w i t h  t h e  CSM. Yet i t  i s  o f  more i n t e r e s t ,  
i n  c o n s i d e r i n g  t h e  p o s s i b i l i t y  o f  an  a g a i n s t - t h e - s u n  a p p r o a c h ,  
t o  measu re  t h e  d e g r a d a t i o n  i n  v i s i b i l i t y  a t  s i m u l a t e d  h i - g a t e  
and  a t  touchdown. From a compar ison  o f  f i r i n g  t imes,  i t  i s  
e x p e c t e d  t h a t  t h e  r e s i d u e  bu i ld -up  a t  h i - g a t e  and touchdown 
s h o u l d  be  a b o u t  40% and 55%, r e s p e c t i v e l y ,  o f  t h e  t o t a l  b u i l d -  
up,  b u t  t hese  f i g u r e s  s h o u l d  b e  checked .  

V I .  F u r t h e r  Measurements  o f  Res idue  P h y s i c a l  P r o p e r t i e s  

I n  t h e  o r i g i n a l  work a t  MSC, two t y p e s  o f  measurements  
(beyond  s i m p l e  v i s u a l  i n s p e c t i o n )  were made on t h e  sample, a 
t r a n s m i s s i o n  t e s t  and a s c a t t e r i n g  t e s t ,  b o t h  pe r fo rmed  w i t h  
n a t u r a l  w h i t e  l i g h t .  It  would b e  d e s i r a b l e  t o  r e p e a t  t hese  t e s t s  
i n  t h e  new e x p e r i m e n t  f o r  t w o  r e a s o n s :  a )  b e c a u s e  t h e y  d i r e c t l y  
measu re  t h e  d e g r a d a t i o n  o f  v i s i o n  t h e  a s t r o n a u t  w i l l  e x p e r i e n c e  
when s i g h t i n g  t h r o u g h  t h e  LM windows, and  b )  i n  o r d e r  t o  v e r i f y  
t h e  somewhat anomalous b e h a v i o r  o f  t h e  s c a t t e r i n g  f u n c t i o n  f r o u n d  
p r e v i o u s l y .  However, some o t h e r  t e s t s  s h o u l d  a l s o  b e  made t o  
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l e a r n  more o f  t h e  r e l e v a n t  p r o p e r t i e s  o f  t h e  r e s i d u e ,  s u c h  as t h e  
s h a p e ,  s i z e  d i s t r i b u t i o n ,  t r a n s p a r e n c y  and r e f r a c t i v e  i n d e x  of t h e  
s c a t t e r i n g  p a r t i c l e s ,  t o  g i v e  more c o n f i d e n c e  t o  t h e  t h e o r e t i c a l  
models  which a re  b e i n g  used  t o  a n a l y z e  t h e  whole g l a r e  problem.  

The s i m p l e s t  and most p o w e r f u l  a d d i t i o n a l  measurement 
i s  a m i c r o s c o p i c  i n s p e c t i o n  of t h e  window r e s i d u e .  I f ,  as p r e -  
s e n t l y  seems t h e  c a s e ,  t h e  s c a t t e r i n g  p a r t i c l e s  fo rming  t h e  
r e s i d u e  are  r e a s o n a b l y  larger t h a n  a wave leng th  o f  l i g h t ,  t h e i r  
c o n c e n t r a t i o n ,  s h a p e ,  s i z e  and s i z e  d i s t r i b u t i o n  can  a l l  be  
s i m u l t a n e o u s l y  measured b y  t h i s  means. The r e f r a c t i v e  i n d e x  o f  
f i l m  p l u s  s c a t t e r s  can  be measured by means o f  a common r e f r a c t o -  
meter ;  t h i s ,  t o g e t h e r  w i t h  t h e  e x t i n c t i o n  measured  i n  t h e  t r a n s m i s s i o n  
t e s t ,  s e r v e s  t o  d e f i n e  t h e  complex r e f r a c t i v e  i n d e x  o f  t h e  com- 
p o s i t e  medium, which i s  needed f o r  t h e  s c a t t e r i n g  model.  

Besides  t h e  s c a t t e r i n g  t e s t  made w i t h  n a t u r a l  w h i t e  
l i g h t ,  t h e  same t e s t  s h o u l d  b e  repea ted  u s i n g  monochromatic 
p o l a r i z e d  l i g h t .  The u s e  o f  t h e  monochromatic l i g h t  w i l l  s h a r p e n  
t h e  s c a t t e r i n g  d i s t r i b u t i o n  and make a more a c c u r a t e  d e t e r m i n a t i o n  
p o s s i b l e .  I f  t h e  m i c r o s c o p i c  e x a m i n a t i o n  canno t  be c a r r i e d  o u t  
f o r  some r e a s o n ,  some o f  t h e  same r e s u l t s  can t h e n  b e  d e r i v e d  
from t h i s  s c a t t e r i n g  t e s t .  And, f i n a l l y ,  a q u a n t i t a t i v e  c h e m i c a l  
a n a l y s i s  s h o u l d  b e  made of  t h e  window r e s i d u e  t o  conf i rm t h a t  i t  
i s  of  t h e  same compos i t ion  a s  t h a t  which i s  found i n  t h e  RCS 
t h r u s t e r s .  

I n  o r d e r  t o  p r o v i d e  some a s s u r a n c e  t h a t  t h e  h a n d l i n g  
p r o c e d u r e s  and e x p e r i m e n t a l  t e c h n i q u e  d e s c r i b e d  above a re  ade- 
q u a t e ,  a c o n t r o l  r u n  s h o u l d  be made b e f o r e  t h e  r e s i d u e  expe r imen t  
p r o p e r .  One p o s s i b l e  d i f f i c u l t y  t h a t  can  be checked d u r i n g  t h i s  
r u n  i s  t h e  r a t e  o f  c r y s t a l l i z a t i o n  o f  t h e  r e s i d u e .  It  may b e  
t h 2 t  ever! t h e  15-minute chamber r e p r e s s u r i z a t i o n  t i m e  i s  l o n g  
enough t h a t  t h e  c r y s t a l s  i n  t h e  f i l m  o f  mother  l i q u o r  w i l l  grow 
s u f f i c i e n t l y  t o  produce  m i s l e a d i n g  v a l u e s  i n  t h e  t e s t s .  To 
v e r i f y  w h e t h e r  or n o t  t h i s  i s  t r u e ,  a r e m o t e l y  c o n t r o l l e d  camera 
c o u l d  pho tograph  t h e  r e s i d u e  as  i t  i s  b e i n g  d e p o s i t e d  d u r i n g  t h e  
check  r u n .  

V I I .  C o r r e l a t i o n  w i t h  Kodak V i s i b i l i t y  S t u d i e s  

The Eastman Kodak Co. has comple ted  two motion p i c t u r e  
s t u d i e s  of  t h e  l u n a r  l a n d i n g  f o r  MSC u s i n g  a s top-mot ion  t e c h n i q u e  
on a model l u n a r  l a n d s c a p e  d u s t e d  w i t h  c u p r i c  o x i d e .  I n  g e n e r a l ,  
t h e  mot ion  p i c t u r e  s i m u l a t i o n s  a re  q u i t e  u s e f u l  i n  t h a t  t h e y  
c l o s e  t h e  gap between what i s  known o f  t h e  l u n a r  s u r f a c e  r e f l e c -  
t i o n  c h a r a c t e r i s t i c s  on t h e  one hand and what i s  known o f  t h e  
e y e ' s  c o n t r a s t  d e t e c t i o n  c h a r a c t e r i s t i c s  on t h e  o t h e r ,  t h e  
v e r y  gap which t h e  t h e o r e t i c a l  s t u d i e s  have  n o t  been  ab le  t o  
b r i d g e .  However, t h e  f i l m s  were d e s i g n e d  o n l y  t o  p o r t r a y  s u r f a c e  
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shadowing c h a r a c t e r i s t i c s  u n d e r  d i f f e r e n t  l i g h t i n g / v i e w i n g  c o n d i -  
t i o n s .  T h e r e f o r e  t h e y  do n o t  t r u l y  r e p r e s e n t  what t h e  a s t r o n a u t  
would see d u r i n g  a l a n d i n g  a p p r o a c h  s i n c e  t h o s e  p o r t i o n s  f i l m e d  
a g a i n s t  t h e  s u n  do n o t  i n c l u d e  t h e  d e g r a d a t i o n  o f  v i s i b i l i t y  due  
t o  s c a t t e r  o f f  t h e  LM window and s o l a r  d a z z l e  i n  t h e  a s t r o n a u t ' s  
e y e .  I n  some c a s e s  t h e y  do show a f a l s e  g l a r e  e f f e c t ,  due  t o  
r e f l e c t i o n s  f rom t h e  s i m u l a t e d  s u n  o f f  t h e  l e n s  b a r r e l  and  w i t h i n  
t h e  camera.  Even i n  a p p r o a c h e s  w i t h  t h e  s u n  b e h i n d  t h e  camera ,  
t h e  p r e s e n t  f i l m s  dc n o t  show t h e  e f f e c t  o f  s c a t t e r  on t h e  window 
of l i g h t  r e f l e c t e d  f rom t h e  l u n a r  s u r f a c e  ( a n  o r d e r  o f  m a g n i t u d e  
l e s s  s e r i o u s  t h a n  s o l a r  s c a t t e r ) .  

If f u r t h e r  m o t i o n  p i c t u r e  s t u d i e s  a re  c a r r i e d  o u t  a t  
Kodak, t h e  r e s u l t s  of t h e  r e s i d u e  e x p e r i m e n t  c o u l d  b e  u s e d  t o  
improve  t h e  f i d e l i t y  o f  t h e  s i m u l a t i o n .  Once t h e  s c a t t e r  and  
a b s o r p t i o n  c h a r a c t e r i s t i c s  of t h e  r e s i d u e  have  been  a c c u r a t e l y  
d e t e r m i n e d ,  i t  may be p o s s i b l e  t o  f i n d  a more s t a b l e  s u b s t a n c e  
wh ich ,  when c o a t e d  on a window sample ,  w i l l  d u p l i c a t e  t h e  
r e s i d u e ' s  o p t i c a l  c h a r a c t e r i s t i c s .  Such a sample  c o u l d  t h e n  
he mounted a t  t h e  c o r r e c t  a n g l e  on a l e n s  shade  i n  f r o n t  o f  
t h e  camera used  i n  t h e  f i l m  s t u d i e s .  The s u n  s h a d e  would b l o c k  
t h e  f a l s e  g l a r e  e f f e c t  ( a t  l e a s t  where t h e  l i g h t  s o u r c e  i s  n o t  
i n  t h e  d i r e c t  f i e l d  o f  v i ew)  and  t h e  s c a t t e r  f rom t h e  c o a t e d  
sample would s i m u l a t e  t h a t  from t h e  LM window. The e f f e c t  o f  
s o l a r  d a z z l e  i n  t h e  a s t r o n a u t ' s  e y e  would b e  more d i f f i c u l t  
t o  i n c l u d e .  P e r h a p s  i t  c o u l d  b e  s i m u l a t e d  b y  t h e  e q u i v a l e n t  
v e i l i n g  b r i g h t n e s s  o f  l i g h t  r e f l e c t e d  from a g l a s s  shee t  h e l d  
i n  f r o n t  o f  t h e  camera ,  as i n  t h e  e x p e r i m e n t a l  work o f  H o l l a d a y  
and  o t h e r s  who have  s t u d i e d  g l a r e .  

The i n c l u s i o n  of  t h e  t w i n  e f f e c t s  o f  s c a t t e r  and  
d a z z l e  i n  t h e  Kodak s t u d i e s  would c o n t r i b u t e  much toward  making 
t h e  f i l m s  a n  a c c u r a t e  v i s u a l  s i m u l a t i o n  o f  t h e  c o n d i t i o n s  d u r i n g  
a l a n d i n g  on t h e  moon. 

R T / s r b  
11 /13/67  
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